Device an. Method for Ca libratIng an Elemen , and ^ ^ ^ ^ 

Positioning an Element 

RELATED APPLICATION DATA 

« o-„r : us - provisiona ' a — - 

Janua-y 13 2003 which a S '° na ' APP ' iCati ° n N °' 6 ° /44 °' 707 ' °" 

V 3, 2003, wh,ch are .ncorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

as a j h :,:r b "r rtion re,a,es 9eneraiiy ,o a de * e f ° r 

can he used o^" , ,h " 3 ^ ^ " *"* 

Q 10 °P era t'ons in the area of the spine. 

BACKGROUND OF THE INVENTION 

During surgery or operations in the area of th« * ■ 
involving attaching pedicel screws t0 ind 1" ve ^ LTd T " 
Pedica, screws on adjacent ve rtebrae me entire It t ' ^ 

exposed First the n» rti , , 6 $P ' ne ,0 be °P era ted on is 

using Lews T^o e7«s 7™ °" ^ <nd ™~ 

todslonneleJt Z ^ " £ H " — « «" 

— - - ,o b :oX: ;rs z ;r in ,he area of ,he * 

6.371 ,957 B1 , wh,ch ,s mcorporated herein by reference in its en.iretv 
Open,ng a relatively large area of tissue, however causes oroh,. 
increased risk nt inf=„.- owever, causes problems including an 

Fudherrnor c ;r b n " C ° mP,iCa "'° nS " «" ^ 

aesthetic reason! ^ "* "" B "* "*** h * 


-1- 


SUMMARY OF THE INVENTION 

According to one aspect, the invention relates to a method for calibrating an 
element, such as a curved implant or instrument, e.g., a surgical instrument, which can 
be used in operations in the area of the spine. According to another aspect of the 
invention, the invention relates to a device for inserting an element, such as, for 
example, a rod, into a body in a minimally invasive way. The element can be moved to 
a particular position using a navigation method and connected using pedical screws, 
during surgery in the area of the spine. 

According to one aspect of the invention, the invention relates to a method for 
calibrating a, for example, curved or rotationally asymmetrical element or instrument, 
such as, for example, an implant, a guiding sleeve and/or a holding element. The 
element or instrument can be connected to at least one navigation element and can 
contact a calibrating device in at least two or more different positions. The calibrating 
device can include one or more surfaces whose trajectory or spatial position is known. 
The calibrating device can, for example, be a plane whose spatial position is known. 

First, the spatial position of the element or instrument can be ascertained at at 
least one point connected to the at least one navigation element. If the element or 
instrument is placed on the plane and moved or rotated over the plane, such that the 
element or instrument always lies on the plane via at least one point; then a plurality of 
readings can be ascertained. From these readings, the trajectory of the curved element 
or instrument and/or its geometry can be ascertained, given a sufficiently large number 
of different contact positions. Mathematically, the trajectory or the geometry of the 
element or instrument can be regarded as the entire three-dimensional space prior to 
calibration. Each detected reading, which represents a particular contact position of the 
element or instrument on the known plane, can be seen as narrowing the possibilities 
for the three-dimensional trajectory of the element or instrument to be calibrated. In 
principle, a detected reading in a particular contact position of the instrument or element 
relative to a contact plane can be interpreted in such a way that the contact plane is a 
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tangential plane on the instrument or element to be calibrated and this tangential plane 
is the interface of a half-space, which is excluded as the trajectory of the instrument or 
element and can, therefore, be cut away from the originally available three-dimensional 
space. If a number of contact positions of the instrument or element on the plane are 
detected, then a number of partial spaces can be cut out of the originally available 
three-dimensional space, such that after a sufficiently large number of readings or 
contact positions, the spatial trajectory of the curved element or instrument can be 
ascertained. 

The term "calibrate" is intended to mean determining the geometry or the spatial 
trajectory of a body generally, such as, for example, an instrument or element. 

A plausibility check can be performed in combination with the method described 
below, if, for example, particular assumptions with respect to the geometry or the spatial 
trajectory of the instrument or element to be calibrated can be taken into account during 
the calibrating method. These assumptions or information can either be fixedly set or 
predetermined by a user. For example, it can be assumed that the element or 
instrument to be calibrated does not exhibit a flaw, that it has a substantially constant, 
known or still to be determined diameter, that it is only curved in one direction, etc. 

In one embodiment, the tip of an instrument or element to be calibrated can be 
calibrated in a known way before the calibrating method is performed, i.e., in addition 
to the point of the instrument or element to be calibrated, which is connected to the 
navigation element, the spatial position of another point of the instrument or element to 
be calibrated is known, thus simplifying the calibrating method. The tip can be 
calibrated, for example, by moving the tip to a spatial position, which is known. 

The shape of the element to be calibrated, which can be ascertained from the 
data or positions detected up until then, can be displayed during the calibrating method, 
such that it is possible to check whether the correct shape of the instrument or element 
is in principle being detected, or whether an error has occurred during calibration. 

The invention further relates to a device for calibrating an element or instrument, 
such as a curved element or instrument. At least one navigation element, such as, for 
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example, a reference star of two, three or more markers, can be attached to the device, 
such that the spatial position of the device for calibrating can be detected. 

The device can, for example, include a plane surface, which the instrument or 
element to be calibrated can contact. Alternatively, the device can include two or more 
adjacent planes forming, for example, an edge or a V-shape. The element or instrument 
to be calibrated can then be inserted into the V formed by the planes, such that it has 
at least one point of contact with each of the planes forming the V, thus simplifying the 
calibrating method. 

■ 

The device for calibrating an instrument or element can include a movable 
element, which is connected to the device and can be moved, for example tilted or 
pivoted, relative to the device. The movable element is connected to at least one 
marker or navigation element. The movable element can be arranged in such a way 
that it can have contact with at least one other point of the element or instrument to be 
calibrated and which is lying on the device, thus further improving the calibration of the 
instrument. The movable element can, for example, be arranged in such a way that it 
exerts a pressure force in the direction of the calibrating device via a spring or its own 
weight. This brings the element or instrument to be calibrated, and which contacts the 
device, into contact with the movable element pressing in the direction of the device, on 
a side facing away from the device. This enables an element or instrument to be 
calibrated more quickly and more precisely. 

The position of the movable element, biased, for example, by a spring, or of a 
spring element, can be ascertained by a marker arranged on it and tracked in the 
vertical direction. Mathematically, it may be assumed that a cuboid, extending infinitely 
upwards, infinitely perpendicular to the V-groove (for example parallel to the surface of 
the calibrating device), and parallel to the V-groove by the width (parallel to the 
V-groove) of the spring element, exists above the spring element, which is pressed onto 
the element to be calibrated (instrument or implant) by a force F. The cuboid can be 
separated from the otherwise remaining space, which is regarded as belonging to the 

-4- 


instrument or implant. That is to say, the space available for the geometry of the 
instrument to be calibrated is reduced by the cuboid thus generated. 

The calibrating process can, for example, be restricted in time, such that after a 
start time, data is only collected over a predetermined period of time. The instrument 
or element to be calibrated should always be contacting the calibrating device, i.e., 
should always have at least one point of contact, during calibration, and it should be 
rotated, for example, by at least 1 80°. If a sufficient amount of data for specifying the 
geometry of the instrument or element, corresponding to a minimum angular range or 
a minimum rotational range, has been collected during calibration, then the geometry 
or the spatial trajectory of the instrument or element can be determined, thus calibrating 
said instrument or element. 

If the element or instrument to be calibrated exhibits a simple geometry, i.e., the 
instrument is, for example, a straight rod, then the method for calibrating the instrument 
is relatively simple to perform, since the rod merely has to be placed onto a planar 
calibrating device and rotated about its longitudinal axis. The spatial trajectory of the 
rod relative to the navigation element connected to the rod is already known. 
Instruments or elements having a more complicated structure have to be moved in a 
number of positions in contact with the calibrating device, in order to be able to describe 
their geometry with sufficient precision. 

The invention further relates to a computer program which, when it is loaded onto 
a computer or is running on a computer, performs at least one of the method steps 
described in this application, and to a program memory medium comprising such a 
computer program. 

According to one aspect of the invention, the invention relates to a device for 
inserting an element, such as, for example, a rod, into a body in a minimally invasive 
way. The element can be moved to a particular position using a navigation method and 
connected using pedical screws, during surgery in the area of the spine. According to 
another aspect, the invention relates to a method for calibrating an element, such as a 
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curved implant or instrument, e.g., a surgical instrument, which can be used in 
operations in the area of the spine. 

In accordance with one aspect of the invention, a guiding sleeve, which may, for 
example, be used to guide a holding element described below, includes an entry 
opening and an exit opening through which a holding element can be slid or otherwise 
translated. A guiding area lies between the entry opening and the exit opening, such 
that the holding element can be guided in the area such that the holding element can 
be slid through the guiding sleeve and, for example, rotated in it. In one embodiment, 
the guiding sleeve can be an annular or tubular element, running in a straight line or 
curved, through which the holding element can be slid and guided. The guiding sleeve 
is preferably rigid, such that it cannot easily be deformed and it is, therefore, ensured 
that the holding element is securely and precisely guided. The guiding sleeve can, also 
be made of an elastic material or a combination of elastic and rigid sections, in order to 
be able to change the shape of the guiding sleeve and adapt it to a particular 
application. Thus, an elastic or ductile material used for the guiding sleeve should exhibit 
a certain resistance to being deformed by external forces, in order to prevent the guiding 
sleeve from being unintentionally deformed and, therefore, the holding element from 
being guided to an undesired position. 

The guiding sleeve can be curved or exhibit at least one curved or arched 
section. 

A fixing area for a navigation element, such as, for example, a reference star or 
other combination of one or more active or passive markers, can be provided on the 
guiding sleeve. The use of navigation elements, such as, for example, markers for 
navigating and positioning instruments, is described more fully in commonly assigned 
U.S. Pat. No. 6,351,659, which is incorporated herein by reference in its entirety. A 
guiding sleeve connected to a navigation element enables a holding element guided in 
the guiding sleeve and/or another element connected to the holding element, such as, 
for example, a rod, which can be positioned between two, three or more pedical screws, 
to be navigated. 


A navigation element, such as a reference star, can be slid onto the guiding 
sleeve using a sliding element, such that the guiding sleeve can be moved relative to ' 
the navigation element The guiding sleeve can then be slid through a sliding element 
connected to a navigation element and held in a broadly stable position, such that given 
a known, constant curvature of the guiding sleeve, an element guided by the guiding 
sleeve can be positioned at a predetermined desired point. 

In one embodiment, the end of the guiding sleeve, which is to come to rest on an 
element to be positioned, such as for example, an implant or rod, exhibits a geometry 
and/or surface which impedes or prevents the element to be positioned from slipping. 
One end of the guiding sleeve can be formed tapering conically outwards or inwards, 
in order, along with a correspondingly formed end of an element to be positioned, to 
ensure that the element is held. A rotational block, such as, for example, a structured 
surface or protruding elements, can be provided in the contact area with an implant, in 
order to be able to hold it securely and to move it. 

Furthermore, a holding element can be provided. The holding element can be 
guided, for example, by the guiding sleeve described above and, for example, slid 
through and rotated in the guiding sleeve. The holding element can include a 
connecting element, which can be connected to an element to be positioned, such as, 
for example, an implant or a rod, or which can hold the element. to be positioned, for 
example, in a frictional lock or by clamping. 

In accordance with one embodiment, the holding element can include at least 
one rigid and/or flexible or bending area and is, for example, a rod which can be rigid 
or flexible and is in particular suitable for guiding through the guiding sleeve. Such a rod 
can have an outer diameter, which is slightly smaller than the inner diameter of the 
guiding sleeve, in order to ensure that the rod is easily slid through the guiding sleeve. 

The connecting element provided for connecting the holding element to an 
element to be positioned can be an external thread or an internal thread, which can 
mesh with a corresponding internal or external thread of the element to be guided, so 
as to establish a connection with the element. In this case, it can be advantageous to 
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design the holding element and the guiding sleeve such that the holding element can 
not only be shifted, but also rotated in the guiding sleeve. 

The holding element can include a grip and/or a thread on the end opposite the 
end for holding the element to be positioned. A nut or other suitable fastening element 
can be screwed onto the grip or thread, in order to be able to fix the holding element, 
inserted into the guiding sleeve, relative to the guiding sleeve by clamping the guiding 
sleeve between two areas or between the ends of the holding element. Alternatively or 
in addition, other holding mechanisms, such as, for example, clamps, can also be 
provided on the holding element and/or on the guiding sleeve, in order to enable the 
holding element to be fixed relative to the guiding sleeve. 

In accordance with another aspect of the invention, an element to be positioned, 
such as, for example, an implant or a rod, which is to be positioned between two pedical 
screws, includes at least one connecting element, which can cooperate with a 
corresponding connecting element on the holding element, in order to connect the 
element to be positioned to the holding element. The connecting element can, for 
example, be an internal or external thread. 

The element to be positioned can be formed conically tapering or pointed at the 
end opposite the end of the element at which the connecting element is provided, such 
that the tip or a conically tapering area simplifies inserting the element to be positioned 
into a body. 

In the area of the connecting element, the element to be positioned can be 
designed such that it can be held as non-shifting as possible by a holding element 
and/or a guiding sleeve. This can, for example, be an area of the element to be 
positioned, which conically tapers outwards or inwards. 

In accordance with another aspect, the invention relates to a system including a 
guiding sleeve, as described above, and a holding element, as described above. The 
system can further include an element to be positioned, as described above, wherein 
the holding element can preferably be slid through the guiding sleeve and connected to 
the element to be positioned. 
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Such a system enables an element or implant to be positioned precisely, using 
navigation and in a minimally invasive way. The element or implant can be inserted into 
a body through a relatively small opening through the tissue and positioned at a desired 
point in the body using the navigation element connected to the guiding sleeve and/or 
the holding element. Both the holding element and the guiding sleeve can be removed 
again from the body, once the connection between the holding element and/or the 
guiding sleeve, on the one hand, and the implant or element to be navigated, such as 
a rod, on the other, has been released. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and further features of the present invention will be apparent with 
reference to the following description and drawings, wherein: 

Figure 1 is a perspective view of a guiding sleeve in accordance with the 
invention; 

Figure 1A is an enlarged detail view of the front end of the guiding sleeve shown 
in Figure 1 ; 

Figure 2 one embodiment of a holding element in accordance with the invention; 
Figure 3 is a perspective view of a system for positioning an element or implant 
in accordance with one embodiment of the invention; 

Figure 3A is an enlarged cross-sectional view of the cutaway A shown in Figure 

3; 

Figure 4 is a perspective view of a system for positioning an element or implant 
in accordance with an alternative embodiment of the invention; and 

Figure 5 is a perspective view of a calibrating device in accordance with the 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows a tubular guiding sleeve 1 , which is connected to a reference star 
2 (also referred to as a navigation star) including three passive markers 2a. The guiding 
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sleeve 1 is open at its rear end, (shown on the left in Figure 1), and at its front end, 
(shown on the right in Figure 1). Figure 1A shows a cross-section of the part of the 
guiding sleeve 1 indicated by A in Figure 1, in an enlarged representation. As shown in 
Figure 1A, the guiding sleeve 1 includes a rim area 1a which runs broadly conically, onto 
which an implant 7 can be placed, as shown in Figure 3. 

Figure 2 shows a holding element 3. The holding element 3 can include an 
elastic or otherwise flexible section 4 (shown by the arrows P). The section 4 can, for 
example, be a flexible metal or plastic element having an outer thread 4a in its front end, 
(shown on the right in Figure 2). The rear end of the flexible section or area 4, (shown 
on the left in Figure 2), likewise can include an outer thread 4b, onto which a nut 6 or 
other fastening mechanism is screwed or otherwise attached. A grip 5 is connected to 
the outer thread 4b. The grip 5 can serve to hold the holding element 3. 

Figure s shows the holding element 3 shown in Figure 2, inserted into the guiding 
sleeve 1 of Figure 1, where the flexible area 4 has been guided through the guiding 
sleeve 1 . The front end of the implant 7 is screwed onto the front outer thread 4a of the 
holding element 3, as shown. 

Figure 3A shows an enlarged cross-sectional view of the part from Figure 3 
indicated by A. The implant 7 can be tapered at its front end, shown on the right, and. 
can include an inner thread 7a at its rear end. The implant 7 can be screwed or 
otherwise fastened onto the outer thread 4a of the flexible part 4 of t.he holding element 
3 via said inner thread 7a. Furthermore, the rear end of the implant 7 is conically 
tapered in the area 7b and therefore contacts the corresponding conical rim area 1a of 
the guiding sleeve 1. 

In order to provide the system shown in Figure 3, the nut 6 should be screwed 
on the outer area of the outer thread 4b in the direction of the grip 5, as shown in Figure 
2. The holding element 3 can be inserted into the guiding sleeve 1. In this position, the 
implant 7 can be screwed onto the front outer thread 4a, preferably until it abuts the 
front area of the flexible element 4 at the inner boundary 7c of the implant 7. The nut 
6 can then be screwed in the direction of the implant 7 until the guiding sleeve 1 is 
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securely tensed between the nut 6 and the implant 7, connected to the holding element 
3, such that the individual components of the system shown in Figure 3 can substantially 
no longer slip relative to each other. 

The system thus composed can then be navigated either using a reference star 
2, fixedly connected to the guiding sleeve 1. or, alternatively, using a reference star 2' 
attached via a shifting element 2b, as shown in Figure 4. The shifting element 2b can, 
for example, then be held in such a way that the guiding sleeve 1 can be moved through 
the shifting element 2b such that the implant 7 connected to the guiding sleeve 1 via the 
holding element 3 is moved to a desired position between two pedical screws 8. as 
likewise shown in Figure 4. 

Once the implant 7, which is connected to the guiding sleeve 1 and the holding 
element 3, has been moved to a desired position, the implant 7 can then be fixed in this 
position to the pedical screws 8. The screw connection between the holding element 
3 and the implant 7can then be released by rotating the holding element 3, i.e., the outer 
thread 4a on the front side of the holding element 3 is unscrewed from the inner thread 
7a of the implant 7. The contact area between the guiding sleeve 1 and the implant 7 
can include rotational blocking elements, such as for example protruding elements, 
which mesh with small grooves in the rear contact area of the implant 7, such that a 
tensile force on the holding element 3 firmly presses the implant 7 against the guiding 
sleeve 1 and the outer thread 4a of the holding element 3 can therefore be securely 
unscrewed from the implant 7, without thereby changing the position of the implant 7. 

Once the connection between the holding element 3 and the implant 7 has been 
released, the holding element 3 can then be removed from the body together with the 
guiding sleeve 1 , and the implant 7 has thus been navigated to a predetermined position 
using a minimally invasive method. 

Figure 5 shows a calibrating device 10 including three reflective markers 11a, 
1 1b and 1 1c attached to it. Navigation markers and systems include those described 
in commonly assigned U.S. Pat. No. 6,351,659, which is incorporated herein by 
reference in its entirety. It is to be appreciated that the term "calibrate" is intended to 


mean determining the geometry or the spatial trajectory of a body generally, such as, 
for example, an instrument or element. 

The upper side of the calibrating device 10 includes two faces 10a and 10d lying 
in a plane, between which two planes 10b and 10c form a generally V-shaped portion. 
A spring-elastic element 12 is attached on the upper side 10d. The element 12 can 
press onto the upper side of the calibrating element, which is lying on the calibrating 
device 10, in the direction indicated by the arrow F. 

If the system shown in Figure 3 is to be calibrated, i.e., the geometry of the 
system is to be ascertained, then the system can be placed in the slot or V-shape 
formed by the surfaces 10b and 10c and moved such that the system shown in Figure 
3 contacts at least one point on the surfaces 10b and 10c. If a number of rotational 
positions are detected, then the system can be calibrated on the basis of the position 
of the calibrating device 10 known using the markers 11a, 1 1b and 1 1c in combination 
with the position of at least one point on the system, shown in Figure 3, known using the 
reference star 2. The elastic or spring-elastic element 12 can include a reflective marker 
12a. The bias from the spring force pressing onto the surface of the instrument to be 
calibrated, which is inserted into the V-shape, can create another point of contact, which 
can be detected via the position of the marker 12a. Therefore, the system shown in 
Figure 3, or any instrument or element in general, can be calibrated. 

It is to be appreciated that preoperative or intra-operative planning can 
advantageously be performed for inserting the implant 7. 

In the case of pre-operative planning, the position of different vertebrae can be 
detected using an imaging method, for example, MRI. The individual vertebrae can be 
segmented using a known method., i.e., the spatial boundary of each vertebra can be 
ascertained. On the basis of the detected (pathological) position, a surgeon can 
re-arrange the vertebrae until an optimum biomechanical position of the vertebrae with 
respect to each other is achieved. This can be performed using known simulation 
programs. It is then ascertained at which positions pedical screws of particular 
dimensions may advantageously be arranged. On the basis of this, it is possible to 


ascertain which shape an implant 7 to be inserted between the pedical screws 8 must 
have. The shape thus ascertained can then, for example, be printed out, such that the 
implant 7 can be shaped using the print-out as a model. Alternatively, it is also possible 
to select the implant suitable for a given case from a number of firmly predetermined 
implants. 

In the case of intra-operative planning, the vertebrae to be treated can be 
segmented in a CT data set, (alternatively, this step can also be performed 
pre-operatively). Each vertebra can be individually registered and provided with a 
referencing device, such as, for example, a marker or an arrangement of markers, to 
enable all the registered vertebrae to be continuously tracked. If the spine is then 
re-shaped, for example, by shifting individual vertebrae, the new shape (the relative 
position of the vertebrae to each other) can be displayed on the screen and compared, 
for example, with a pre-operatively or even intra-operatively planned shape. Using the 
now known current shape and the already planned pedical screws, the shape of an 
implant to be inserted, such as, for example, a connecting rod, can then be calculated. 

The thus selected or shaped implant 7 can then be connected to the guiding 
sleeve 1 and the holding element 3, as shown in Figures 1 to 3. 

The system consisting of the guiding sleeve 1 , holding element 3 and implant 7 
can be calibrated using the calibrating device 10, shown in Figure 5. 

The implant can then be navigated in a minimally invasive way to the position 
ascertained by pre-operative planning, and held in this position once it has been fixed 
to the pedical screws, while at the same time the holding element 3 and the guiding 
sleeve 1 are released from the implant 7, such that the implant 7 can be navigated to 
a desired position in a minimally invasive way. 

Although particular embodiments of the invention have been described in detail, 
it is understood that the invention is not limited correspondingly in scope, but includes 
all changes, modifications and equivalents coming within the spirit and terms of the 
claims appended hereto. 
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